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TREATMENT CHAMBER FOR SEPARATING 
COMPOUNDS FROM AQUEOUS EFFLUENT 

BACKGROUND OF DISCLOSURE 

[0001] The present disclosure generally relates to treatment 
chambers for separating compounds in an aqueous solution. 
More particularly, the present disclosure relates to treatment 
chambers that use ultrasonic energy and an electrode poten 
tial to provide e?icient and effective removal of compounds 
from aqueous e?luents, such as textile e?luents. 
[0002] In nearly all textile dyeing and printing processes, 
some fraction of the applied colorant Will not bind to the 
substrate. These unbound dyes and reactants are typically 
removed by a Water rinsing process, generating large quanti 
ties of textile e?luent that must be disposed in an environ 
mentally acceptable manner. 
[0003] Previous attempts have disposed of the textile e?lu 
ent by passing the e?luent through an ion exchange resin or 
activated carbon. During these reactions, such materials or 
resins adsorb the dyes and other soluble components in the 
textile e?luent sloWly and require large volumes of the adsor 
bent to perform effectively. 
[0004] Other attempts have utiliZed continuous chemical 
reactors such as a plug ?oW reactor containing adsorbent 
beads or particles having speci?c surface functionalities, 
through Which dyes and reactants found in textile e?luents are 
adsorbed. Speci?cally, the beads or particles are packed into 
a column in the plug ?oW reactor and an aqueous solution of 
textile ef?uent is pumped through the column, thereby expos 
ing the surface of the beads orparticles to alloW for adsorption 
of the dyes and reactants in the e?luent to occur. These moi 
eties can be adsorbed onto the surface and Within the pores of 
the beads or particles. 
[0005] One problem With processing textile e?luent 
through a column such as that of a conventional plug ?oW 
reactor, is that many of the compounds to be adsorbed (e.g., 
dyes and reactants) must travel through a hydrodynamic 
boundary layer surrounding the bead or particle. This bound 
ary layer is a source of resistance for the compounds, Which 
prolongs the adsorption process and increases time and costs 
of the removal of unbound dyes and reactants from textile 
e?luents. 
[0006] One previous attempt to reduce adsorption time 
required to remove the compounds from textile e?luents is by 
increasing ?oW rate of the processing stream in the plug ?oW 
reactor. This reduces the thickness of the hydrodynamic 
boundary layer, Which enhances the rate at Which the trans 
port of compounds to the surface of the beads and particles 
can occur. This solution, hoWever, results in less residence 
time in the plug ?oW reactor for the adsorption process to 
occur. Additionally, there is increased pressure drop across 
the reactor, and as such, larger plug ?oW reactor geometries 
and processing equipment are required. 
[0007] Based on the foregoing, there is a need in the art for 
a treatment chamber that prevents a thick hydrodynamic 
boundary layer from forming, and thus, alloWs for quicker 
more ef?cient removal of compounds such as dyes and reac 
tants from aqueous e?luents. 

SUMMARY OF THE DISCLOSURE 

[0008] The present disclosure is directed to processes of 
removing compounds, such as dyes and reactants, from aque 
ous e?luents using novel treatment chambers. The treatment 
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chambers can be used to remove compounds from various 
aqueous ef?uents such as, for example, textile ef?uents, bev 
erages, and bodies of Water. Furthermore, compounds such as 
nitrogen, oxygen and the like in Waste streams can also be 
removed using the processes of the present disclosure. Spe 
ci?cally, the treatment chambers used in the processes have a 
thinner hydrodynamic boundary layer as compared to con 
ventional plug ?oW reactors alloWing for a faster, more e?i 
cient removal of compounds. Generally, the treatment cham 
bers comprise an elongate housing comprising an inlet end, 
an outlet end, and an ultrasonic Waveguide assembly. In one 
embodiment, the ultrasonic Waveguide assembly comprises 
an ultrasonic horn assembly comprising a horn member. The 
ultrasonic Waveguide assembly is typically disposed entirely 
Within the treatment chamber. 

[0009] As such, the present disclosure is directed to a pro 
cess for removing compounds from an aqueous ef?uent. The 
process comprises: introducing the aqueous ef?uent through 
at least one inlet port of an elongate housing of a treatment 
chamber, the housing comprising longitudinally opposite 
ends and an interior space, the housing further being gener 
ally closed at least one longitudinal end; ultrasonically ener 
giZing and electrically charging an outer surface of an elon 
gate ultrasonic horn of an elongate ultrasonic Waveguide 
assembly located Within the housing at a predetermined ultra 
sonic frequency and electrode potential to remove com 
pounds from the aqueous e?luent; and exhausting the cleaned 
aqueous effluent from at least one outlet port of the housing. 

[0010] The present disclosure is further directed to a pro 
cess for removing compounds from an aqueous ef?uent. The 
process comprises: introducing the aqueous ef?uent through 
at least one inlet port of an elongate housing of a treatment 
chamber, the housing comprising longitudinally opposite 
ends and an interior space, the housing further being gener 
ally closed at least one longitudinal end; ultrasonically ener 
giZing and electrically charging an outer surface of a ?rst 
elongate ultrasonic horn of a ?rst elongate ultrasonic 
Waveguide assembly located Within the housing at a ?rst 
predetermined ultrasonic frequency and an electrode poten 
tial and ultrasonically energiZing and electrically charging an 
outer surface of a second elongate ultrasonic horn of a second 
elongate ultrasonic Waveguide assembly located Within the 
housing at a second predetermined ultrasonic frequency and 
the electrode potential to remove compounds from the aque 
ous e?luent, Wherein the ?rst Waveguide assembly and the 
second Waveguide assembly are oriented in parallel Within 
the housing; and exhausting the cleaned aqueous e?luent 
from at least one outlet port of the housing. 

[0011] The present disclosure is further directed to a pro 
cess for removing compounds from an aqueous ef?uent. The 
process comprises: introducing the aqueous ef?uent through 
at least one inlet port of an elongate housing of a treatment 
chamber, the housing comprising longitudinally opposite 
ends and an interior space, the housing further being gener 
ally closed at least one longitudinal end; ultrasonically ener 
giZing and electrically charging an outer surface of a ?rst 
elongate ultrasonic horn of a ?rst elongate ultrasonic 
Waveguide assembly located Within the housing at a ?rst 
predetermined ultrasonic frequency and an electrode poten 
tial and ultrasonically energiZing and electrically charging an 
outer surface of a second elongate ultrasonic horn of a second 
elongate ultrasonic Waveguide assembly located Within the 
housing at a second predetermined ultrasonic frequency and 
the electrode potential to remove compounds from the aque 
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ous e?luent, wherein both the ?rst Waveguide assembly and 
the second Waveguide assembly independently comprise ter 
minal ends, Wherein the terminal end of the ?rst Waveguide 
assembly faces towards the terminal end of the second 
Waveguide assembly; and exhausting the cleaned aqueous 
e?luent from at least one outlet port of the housing. 
[0012] The present disclosure is further directed to a pro 
cess for removing compounds from an aqueous e?luent. The 
process comprises: introducing the aqueous e?luent through 
at least one inlet port of an elongate housing of a treatment 
chamber, the housing comprising longitudinally opposite 
ends and an interior space, the housing further being gener 
ally closed at least one longitudinal end; ultrasonically ener 
giZing and electrically charging an outer surface of a ?rst 
elongate ultrasonic horn of a ?rst elongate ultrasonic 
Waveguide assembly located Within the housing at a ?rst 
predetermined ultrasonic frequency and an electrode poten 
tial and ultrasonically energiZing and electrically charging an 
outer surface of a second elongate ultrasonic horn of a second 
elongate ultrasonic Waveguide assembly located Within the 
housing at a second predetermined ultrasonic frequency and 
the electrode potential to remove compounds from the aque 
ous e?luent, Wherein both the ?rst Waveguide assembly and 
the second Waveguide assembly independently comprise ter 
minal ends, Wherein the terminal end of the ?rst Waveguide 
assembly faces aWay from the terminal end of the second 
Waveguide assembly; and exhausting the cleaned aqueous 
e?luent from at least one outlet port of the housing. 
[0013] Other features of the present disclosure Will be in 
part apparent and in part pointed out hereinafter. 

BRIEF DESCRIPTION OF THE FIGURES 

[0014] FIG. 1 is a schematic of a treatment chamber used in 
a process according to one embodiment of the present disclo 
sure for ultrasonically treating and electrically charging an 
ultrasonic horn for removing compounds in an aqueous e?lu 
ent; 
[0015] FIG. 2A is a schematic of a treatment chamber used 
in a process according to a second embodiment of the present 
disclosure for ultrasonically treating and electrically charging 
an ultrasonic horn for removing compounds in an aqueous 
e?luent; 
[0016] FIG. 2B is a top plan vieW of the treatment chamber 
of FIG. 2A; 
[0017] FIG. 3 a schematic of a treatment chamber used in a 
process according to a third embodiment of the present dis 
closure for ultrasonically treating and electrically charging an 
ultrasonic horn for removing compounds in an aqueous e?lu 
ent; 
[0018] FIG. 4 is a schematic of a treatment chamber used in 
a process according to a fourth embodiment of the present 
disclosure for ultrasonically treating and electrically charging 
an ultrasonic horn for removing compounds in an aqueous 
e?luent; 
[0019] FIG. 5 is a schematic of a treatment chamber used in 
a process according to a ?fth embodiment of the present 
disclosure for ultrasonically treating and electrically charging 
an ultrasonic horn for removing compounds in an aqueous 
e?luent; 
[0020] FIG. 6 is a schematic of a treatment chamber used in 
a process according to a sixth embodiment of the present 
disclosure for ultrasonically treating and electrically charging 
an ultrasonic horn for removing compounds in an aqueous 
e?luent; and 
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[0021] FIG. 7 is a schematic of a treatment chamber used in 
a process according to a seventh embodiment of the present 
disclosure for ultrasonically treating and electrically charging 
an ultrasonic horn for removing compounds in an aqueous 
e?luent. 
[0022] FIG. 8 is a schematic of a treatment chamber used in 
a process according to an eighth embodiment of the present 
disclosure for ultrasonically treating and electrically charging 
an ultrasonic horn for removing compounds in an aqueous 
e?luent. 
[0023] Corresponding reference characters indicate corre 
sponding parts throughout the draWings. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

[0024] The present disclosure is generally directed to a 
treatment chamber for removing compounds from aqueous 
e?luent. Speci?cally, in one embodiment, the treatment 
chamber is capable of removing compounds such as nitrogen, 
chlorine, and oxygen from Waste Water, such as through the 
process of electrolysis. For example, the treatment chamber is 
used in processes using both ultrasonics and electrolysis to 
degrade compounds such as Water and ammonia into less 
complex components (e.g., oxygen, nitrogen, hydrogen, and 
the like). Additionally, the processes can be used in the reduc 
tion of metal ions to precipitate the metals out of solution 
(e.g., gold, copper, silver, and the like. In another embodi 
ment, the treatment chamber removes dyes and reactants 
from textile ef?uent. In yet another embodiment, the treat 
ment chamber removes microorganisms and other contami 
nants from drinking Water. 
[0025] FIG. 1 provides a treatment chamber, generally indi 
cated at 121, for removing compounds from an aqueous e?lu 
ent in accordance With the processes of the present disclosure. 
In particular, the treatment chamber 121 is suitable for use in 
liquid treatment systems using ultrasonic agitation of the 
liquid solution (in combination With the subjection of the 
solution to an electrode potential, as discussed more fully 
beloW) to remove compounds from an aqueous e?luent. For 
example, in one speci?c application, as noted above, aqueous 
textile ef?uent is treated to kill, remove, and/ or oxidiZe micro 
organisms (e.g., bacteria, viruses, spores, and the like) prior to 
being disposed. The treatment chamber of the present disclo 
sure may accomplish this through the sparging of oZone gas 
into the chamber along With the addition of hydrogen perox 
ide. Additionally, the ultrasonic horn, as described beloW, 
operates in a cavitational mode to enhance the sonochemis 
tries betWeen the compounds Within the Waste Water, the 
oZone gas, and hydrogen peroxide. As the treatment chamber 
of the present disclosure is further charged as an electrode 
type system, the chamber can further induce the redox reac 
tion to remove the compounds from the e?luent. Other com 
pounds to be removed from aqueous solutions (e.g., e?luents) 
include, for example, bacteria, viruses, spores, nitrogen, halo 
gen, oxygen, organic polymers, gold, silver, and copper. 
[0026] As illustrated in FIG. 1, the treatment chamber 121 
is generally elongate and has a general inlet end 125 (a loWer 
end in the orientation of the illustrated embodiment) and a 
general outlet end 127 (an upper end in the orientation of the 
illustrated embodiment). The treatment chamber 121 is con 
?gured such that ?uid (e.g., aqueous solutions/effluents con 
taining compounds to be removed) enters the treatment cham 
ber 121 generally at the inlet end 125 thereof, ?oWs generally 
longitudinally Within the chamber (e. g., upWard in the orien 
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tation of the illustrated embodiment) and exits the chamber 
generally at the outlet end of the chamber. 
[0027] The terms “upper” and “lower” are used herein in 
accordance with the vertical orientation of the treatment 
chamber 121 illustrated in the various drawings and are not 
intended to describe a necessary orientation of the chamber in 
use. That is, while the chamber 121 is most suitably oriented 
vertically, with the outlet end 127 of the chamber above the 
inlet end 125 as illustrated in the various drawings, it is 
understood that the chamber may be oriented with the inlet 
end above the outlet end, or it may be oriented other than in a 
vertical orientation (see FIGS. 4-6) and remain within the 
scope of this disclosure. 
[0028] The terms “axial” and “longitudinal” refer direc 
tionally herein to the vertical direction of the chamber 121 
(e.g., end-to-end such as the vertical direction in the illus 
trated embodiment of FIG. 1). The terms “transverse”, “lat 
eral” and “radial” refer herein to a direction normal to the 
axial (e. g., longitudinal) direction. The terms “inner” and 
“outer” are also used in reference to a direction transverse to 
the axial direction of the treatment chamber 121, with the 
term “inner” referring to a direction toward the interior of the 
chamber and the term “outer” referring to a direction toward 
the exterior of the chamber. 
[0029] The inlet end 125 of the treatment chamber 121 is in 
?uid communication with a suitable intake system, generally 
indicated at 129, that is operable to direct one or more aque 
ous e?luents to, and more suitably through, the chamber 121. 
Although not illustrated, it should be understood by one 
skilled in the art that the intake system 129 may comprise one 
or more pumps operable to pump the respective e?luents from 
a corresponding source thereof to the inlet end 125 of the 
chamber 121 via suitable conduits (not shown). 
[0030] It is understood that the intake system 129 may be 
con?gured to deliver more than one aqueous solution to the 
treatment chamber 121 without departing from the scope of 
this disclosure. It is also contemplated that intake systems 
other than that illustrated in FIG. 1 and described herein may 
be used to deliver one or more e?luents to the inlet end 125 of 
the treatment chamber 121 without departing from the scope 
of this disclosure. 
[0031] Furthermore, the inlet end 125 may be in ?uid com 
munication with an air sparge, generally indicated at 171, 
designed to force air into the interior of the housing. The air 
sparge 171 facilitates the ?ow of liquid (e.g., aqueous e?lu 
ent) transversely inward toward the horn to thereby facilitate 
ultrasonic energiZation (i.e., agitation) of the liquid. Typi 
cally, the air is forced through a porous media so as to create 
small air bubbles. Desirably, the air sparged used in the treat 
ment chamber has a gas diffuser porosity rated from medium 
to ?ne and a gas ?ow rate of from about 0.01 liters per minute 
to about 100 liters per minute and, more suitably, from about 
10 liters per minute to about 50 liters per minute. Further 
more, the air sparge forces air into the interior of the housing 
at a gas pressure of from about 0.2 psi to about 100 psi and, 
more suitably, from about 10 psi to about 50 psi, depending 
upon the desired gas ?ow rate and back pressure of the treat 
ment system. 
[0032] Still referring to FIG. 1, the treatment chamber 121 
comprises a housing 151 de?ning an interior space 153 of the 
chamber through which liquid delivered to the chamber ?ows 
from the inlet end 125 to the outlet end 127 thereof. The 
housing 151 suitably comprises an elongate tube 155 gener 
ally de?ning, at least in part, a sidewall 157 of the chamber 
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121. The tube 155 may have one or more inlet ports (one such 
inlet port being illustrated in FIG. 1 and indicated at 159) 
formed therein through which one or more e?luents to be 
treated within the chamber 121 are delivered to the interior 
space 153 thereof. It should be understood by one skilled in 
the art that the inlet end of the housing may include more than 
one port. For example, although not shown, the housing may 
comprise two inlet ports, wherein the ?rst inlet port and the 
second inlet port are suitably in parallel, spaced relationship 
with each other. Furthermore, as illustrated in FIG. 2A, the 
housing may comprise two inlet ends 269 and 279. The two 
inlet ends 269, 279 may further independently include at least 
one inlet port (indicated generally at 235 and 245, respec 
tively). 
[0033] Moreover, in one suitable embodiment, the housing 
further comprises an inlet collar (not shown) that is connected 
to and mounted on one end of the tube to further de?ne (along 
with the inlet port) the inlet end of the chamber. The inlet 
collar at the inlet end of the chamber is generally annular and 
has at least one, and more suitably a plurality of inlet ports 
formed therein for receiving aqueous e?luents into the inte 
rior space of the chamber. At least one inlet port is oriented 
generally tangentially relative to the annular collar so that 
liquid ?ows into the interior space of the chamber generally 
tangentially thereto to impart a swirling action to liquid as it 
enters the chamber. More suitably, a pair of inlet ports is 
arranged in parallel alignment with each and extends gener 
ally tangentially relative to the annular collar, with one port 
being designated herein as the outer inlet port and the other 
port being designated the inner inlet port. 
[0034] This dual tangential inlet port arrangement is par 
ticularly useful for initiating mixing of components within 
the ef?uent before the ef?uent is further subjected to ultra 
sonic treatment and electric charge within the chamber. This 
action, combined with the swirling action resulting from the 
tangential direction in which the aqueous e?luent is directed 
into the chamber, facilitate an initial mixing of these compo 
nents before the aqueous ef?uent ?ows further through the 
chamber for ultrasonic and electric treatment. If additional 
components are to be added to the mixture, such components 
may be delivered into the interior space of the chamber via the 
inlet port formed in the chamber sidewall. The collar may also 
have an additional tangential set of inlet ports and a pair of 
generally vertically oriented inlet ports. It is understood, how 
ever, that none of the ports need to be oriented tangentially 
relative to the collar to remain within the scope of this disclo 
sure. It is also contemplated that the collar may be omitted 
altogether such that all components are delivered to the inlet 
port formed in the chamber sidewall. 

[0035] With reference to FIG. 2A, in one embodiment, the 
housing 251 may comprise a closure 263 connected to and 
substantially closing the longitudinally opposite end of the 
sidewall 257, and having at least one outlet port 265 therein to 
generally de?ne the outlet end 227 of the treatment chamber 
221. The sidewall 257 (e. g., de?ned by the elongate tube 255) 
of the chamber 221 has an inner surface 267 that together with 
the waveguide assembly (or waveguide assemblies described 
further below, and generally indicated at 201 and 203) and the 
closure 263 de?ne the interior space 253 of the chamber. In 
the illustrated embodiment, the tube 255 is generally cylin 
drical so that the chamber sidewall 257 is generally annular in 
cross-section. However, it is contemplated that the cross 
section of the chamber sidewall 257 may be other than annu 
lar, such as polygonal or another suitable shape, and remains 
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Within the scope of this disclosure. The chamber sidewall 257 
of the illustrated chamber 221 is suitably constructed of a 
transparent material, although it is understood that any suit 
able material may be used as long as the material is compat 
ible With the liquid solutions being treated in the chamber, the 
pressure at Which the chamber is intended to operate, and 
other environmental conditions Within the chamber such as 
temperature. 
[0036] NoW referring again to FIG. 1, a Waveguide assem 
bly, generally indicated at 101, extends longitudinally at least 
in part Within the interior space 153 of the chamber 121 to 
ultrasonically energiZe liquid (and any other components of 
the aqueous ef?uent) ?oWing through the interior space 153 
of the chamber 121. In particular, the Waveguide assembly 
101 of the illustrated embodiments extends longitudinally 
from the loWer or inlet end 125 of the chamber 121 up into the 
interior space 153 thereof to a terminal end 113 of the 
Waveguide assembly disposed intermediate the inlet port 
(e.g., inlet port 159 Where it is present). Although illustrated 
in FIGS. 1 and 2A as extending longitudinally into the interior 
space 153 of the chamber 121, it should be understood by one 
skilled in the art, and more particularly, as illustrated in FIGS. 
4-6, the Waveguide assembly may extend laterally from a 
housing sideWall of the chamber, running horizontally 
through the interior space thereof. Typically, the Waveguide 
assembly 101 is mounted, either directly or indirectly, to the 
chamber housing 151 as Will be described later herein. 

[0037] Still referring to FIG. 1, the Waveguide assembly 
101 suitably comprises an elongate horn assembly, generally 
indicated at 133, disposed entirely With the interior space 153 
of the housing 151, intermediate the inlet port 159 and the 
outlet port 165 for complete submersion Within the liquid 
being treated Within the chamber 121, and more suitably, in 
the illustrated embodiment, it is aligned coaxially With the 
chamber sideWall 157. The horn assembly 133 has an outer 
surface 107 that together With the inner surface 167 of the 
sideWall 157 de?nes a How path Within the interior space 153 
of the chamber 121 along Which liquid and other components 
?oW past the horn Within the chamber (this portion of the How 
path being broadly referred to herein as the ultrasonic treat 
ment Zone). The horn assembly 133 has an upper end de?ning 
a terminal end of the horn assembly (and therefore the termi 
nal end 113 of the Waveguide assembly) and a longitudinally 
opposite loWer end 111. Although not shoWn, it is particularly 
preferable that the Waveguide assembly 101 also comprises a 
booster coaxially aligned With and connected at an upper end 
thereof to the loWer end 111 of the horn assembly 133. It is 
understood, hoWever, that the Waveguide assembly 101 may 
comprise only the horn assembly 133 and remain Within the 
scope of this disclosure. It is also contemplated that the 
booster may be disposed entirely exterior of the chamber 
housing 151, With the horn assembly 133 mounted on the 
chamber housing 151 Without departing from the scope of 
this disclosure. 

[0038] The Waveguide assembly 101, and more particularly 
the booster is suitably mounted on the chamber housing 151, 
e.g., on the tube 155 de?ning the chamber sideWall 157, at the 
upper end thereof by a mounting member (not shoWn) that is 
con?gured to vibrationally isolate the Waveguide assembly 
(Which vibrates ultrasonically during operation thereof) from 
the treatment chamber housing. That is, the mounting mem 
ber inhibits the transfer of longitudinal and transverse 
mechanical vibration of the Waveguide assembly 101 to the 
chamber housing 151 While maintaining the desired trans 
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verse position of the Waveguide assembly (and in particular 
the horn assembly 133) Within the interior space 153 of the 
chamber housing and alloWing both longitudinal and trans 
verse displacement of the horn assembly Within the chamber 
housing. The mounting member also at least in part (e.g., 
along With the booster and/ or loWer end of the horn assembly) 
closes the inlet end 125 of the chamber 121. Examples of 
suitable mounting member con?gurations are illustrated and 
described in Us. Pat. No. 6,676,003, the entire disclosure of 
Which is incorporated herein by reference to the extent it is 
consistent hereWith. 
[0039] In one particularly suitable embodiment, the mount 
ing member is of single piece construction. Even more suit 
ably the mounting member may be forrned integrally With the 
booster (and more broadly With the Waveguide assembly 
101). HoWever, it is understood that the mounting member 
may be constructed separate from the Waveguide assembly 
101 and remain Within the scope of this disclosure. It is also 
understood that one or more components of the mounting 
member may be separately constructed and suitably con 
nected or otherWise assembled together. 
[0040] In one suitable embodiment, the mounting member 
is further constructed to be generally rigid (e.g., resistant to 
static displacement under load) so as to hold the Waveguide 
assembly 101 in proper alignment Within the interior space 
153 of the chamber 121. For example, the rigid mounting 
member in one embodiment may be constructed of a non 
elastomeric material, more suitably metal, and even more 
suitably the same metal from Which the booster (and more 
broadly the Waveguide assembly 101) is constructed. The 
term “rigid” is not, hoWever, intended to mean that the mount 
ing member is incapable of dynamic ?exing and/orbending in 
response to ultrasonic vibration of the Waveguide assembly 
101. In other embodiments, the rigid mounting member may 
be constructed of an elastomeric material that is suf?ciently 
resistant to static displacement under load but is otherWise 
capable of dynamic ?exing and/or bending in response to 
ultrasonic vibration of the Waveguide assembly 101. 
[0041] A suitable ultrasonic drive system 131 including at 
least an exciter (not shoWn) and a poWer source (not shoWn) 
is disposed exterior of the chamber 121 and operatively con 
nected to the booster (not shoWn) (and more broadly to the 
Waveguide assembly 101) to energiZe the Waveguide assem 
bly to mechanically vibrate ultrasonically. Examples of suit 
able ultrasonic drive systems 131 include a Model 20A3000 
system available from Dukane Ultrasonics of St. Charles, Ill., 
and a Model 2000CS system available from Herrmann Ultra 
sonics of Schaumberg, Ill. 
[0042] In one embodiment, the drive system 131 is capable 
of operating the Waveguide assembly 1 01 at a frequency in the 
range of about 15 kHZ to about 100 kHZ, more suitably in the 
range of about 15 kHZ to about 60 kHZ, and even more 
suitably in the range of about 20 kHZ to about 40 kHZ. Such 
ultrasonic drive systems 131 are Well knoWn to those skilled 
in the art and need not be further described herein. 

[0043] With particular reference to FIG. 1, the horn assem 
bly 133 comprising an elongate, generally cylindrical horn 
105 having an outer surface 107, and tWo or more (i.e., a 
plurality of) agitating members 137 connected to the horn and 
extending at least in part transversely outWard from the outer 
surface of the horn in longitudinally spaced relationship With 
each other. The horn 105 is suitably siZed to have a length 
equal to about one-half of the resonating Wavelength (other 
Wise commonly referred to as one-half Wavelength) of the 
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horn. In one particular embodiment, the horn 105 is suitably 
con?gured to resonate in the ultrasonic frequency ranges 
recited previously, and most suitably at 20 kHZ. For example, 
the horn 105 may be suitably constructed of a titanium alloy 
(e. g., Ti6Al4V) and siZed to resonate at 20 kHZ. The one-half 
Wavelength horn 105 operating at such frequencies thus has a 
length (corresponding to a one-half Wavelength) in the range 
of about 4 inches to about 6 inches, more suitably in the range 
of about 4.5 inches to about 5.5 inches, even more suitably in 
the range of about 5.0 inches to about 5.5 inches, and most 
suitably a length of about 5 .25 inches (133 .4 mm). It is under 
stood, hoWever, that the treatment chamber 121 may include 
a horn 105 siZed to have any increment of one-half Wave 
length Without departing from the scope of this disclosure. 
[0044] In the illustrated embodiment, the agitating mem 
bers 137 comprise a series of six Washer-shaped rings that 
extend continuously about the circumference of the horn 105 
in longitudinally spaced relationship With each other and 
transversely (e.g., radially in the illustrated embodiment) out 
Ward from the outer surface of the horn. In this manner the 
vibrational displacement of each of the agitating members 
137 relative to the horn 105 is relatively uniform about the 
circumference of the horn. It is understood, hoWever, that the 
agitating members 137 need not each be continuous about the 
circumference of the horn 105. For example, the agitating 
members 137 may instead be in the form of spokes, blades, 
?ns or other discrete structural members that extend trans 
versely outWard from the outer surface 107 of the horn 105. 
For example, as illustrated in FIG. 7, tWo of the six agitating 
members are in a T-shape 701, 703, 705, and 707. Speci? 
cally, the tWo agitating members surrounding the nodal 
region, as described more fully beloW, are in a T-shape. It has 
been found that members having the T-shape, generate a 
strong radial (e.g., horizontal) acoustic Wave that further 
increases the cavitation effect as described more fully herein. 

[0045] By Way of a dimensional example, the horn assem 
bly 133 of the illustrated embodiment of FIG. 1 has a length 
of about 5.25 inches (133.4 mm), one of the rings 137 is 
suitably disposed adjacent the terminal end 113 of the horn 
105 (and hence of the Waveguide assembly 101), and more 
suitably is longitudinally spaced approximately 0.063 inches 
(1.6 mm) from the terminal end of the horn 105. In other 
embodiments the uppermost ring 137 may be disposed at the 
terminal end of the horn 105 and remain Within the scope of 
this disclosure. The rings 137 are each about 0.125 inches (3 .2 
mm) in thickness and are longitudinally spaced from each 
other (betWeen facing surfaces of the rings) a distance of 
about 0.875 inches (22.2 mm). 
[0046] It is understood that the number of agitating mem 
bers 137 (e.g., the rings in the illustrated embodiment) may be 
less than or more than six Without departing from the scope of 
this disclosure. It is also understood that the longitudinal 
spacing betWeen the agitating members 137 may be other 
than as illustrated in FIG. 1 and described above (e. g., either 
closer or spaced further apart). Furthermore, While the rings 
137 illustrated in FIG. 1 are equally longitudinally spaced 
from each other, it is alternatively contemplated that Where 
more than tWo agitating members are present, the spacing 
betWeen longitudinally consecutive agitating members need 
not be uniform to remain Within the scope of this disclosure. 
Furthermore, as illustrated in FIGS. 4-6, When the Waveguide 
assembly extends laterally Within the interior space of the 
chamber, the agitating members may be laterally spaced from 
one another. 
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[0047] In particular, the locations of the agitating members 
137 are at least in part a function of the intended vibratory 
displacement of the agitating members upon vibration of the 
horn assembly 133. For example, in the illustrated embodi 
ment of FIG. 1, the horn assembly 133 has a nodal region 
located generally longitudinally centrally of the horn 105 
(e.g., betWeen the third and fourth rings). As used herein and 
more particularly shoWn in FIG. 1, the “nodal region” of the 
horn 105 refers to a longitudinal region or segment of the horn 
member along Which little (or no) longitudinal displacement 
occurs during ultrasonic vibration of the horn and transverse 
(e.g., radial in the illustrated embodiment) displacement of 
the horn is generally maximiZed. Transverse displacement of 
the horn assembly 133 suitably comprises transverse expan 
sion of the horn but may also include transverse movement 
(e.g., bending) of the horn. Likewise, in FIGS. 4-6, in Which 
the horn runs laterally Within the interior space of the chamber 
housing, the “nodal region” refers to a lateral region or seg 
ment of the horn member along Which little (or no) lateral 
displacement occurs during ultrasonic vibration of the horn 
and axial (e.g., longitudinal in the illustrated embodiment) 
displacement of the horn is generally maximiZed. 
[0048] In the illustrated embodiment of FIG. 1, the con?gu 
ration of the one-half Wavelength horn 105 is such that the 
nodal region is particularly de?ned by a nodal plane (i.e., a 
plane transverse to the horn member at Which no longitudinal 
displacement occurs While transverse displacement is gener 
ally maximiZed) is present. This plane is also sometimes 
referred to as a “nodal point”. Accordingly, agitating mem 
bers 137 (e.g., in the illustrated embodiment, the rings) that 
are disposed longitudinally further from the nodal region of 
the horn 105 Will experience primarily longitudinal displace 
ment While agitating members that are longitudinally nearer 
to the nodal region Will experience an increased amount of 
transverse displacement and a decreased amount of longitu 
dinal displacement relative to the longitudinally distal agitat 
ing members. 
[0049] It is understood that the horn 105 may be con?gured 
so that the nodal region is other than centrally located longi 
tudinally on the horn member Without departing from the 
scope of this disclosure. It is also understood that one or more 
of the agitating members 137 may be longitudinally located 
on the horn so as to experience both longitudinal and trans 
verse displacement relative to the horn upon ultrasonic vibra 
tion of the horn 105. 

[0050] Still referring to FIG. 1, the agitating members 137 
are suf?ciently constructed (e.g., in material and/or dimen 
sion such as thickness and transverse length, Which is the 
distance that the agitating member extends transversely out 
Ward from the outer surface 107 of the horn 105) to facilitate 
dynamic motion, and in particular dynamic ?exing/bending 
of the agitating members in response to the ultrasonic vibra 
tion of the horn. In one particularly suitable embodiment, for 
a given ultrasonic frequency at Which the Waveguide assem 
bly 101 is to be operated in the treatment chamber (otherWise 
referred to herein as the predetermined frequency of the 
Waveguide assembly) and a particular liquid to be treated 
Within the chamber 121, the agitating members 137 and horn 
105 are suitably constructed and arranged to operate the agi 
tating members in What is referred to herein as an ultrasonic 
cavitation mode at the predetermined frequency. 
[0051] As used herein, the ultrasonic cavitation mode of the 
agitating members refers to the vibrational displacement of 
the agitating members su?icient to result in cavitation (i.e., 
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the formation, growth, and implosive collapse of bubbles in a 
liquid) of the liquid being treated at the predetermined ultra 
sonic frequency. For example, Where the liquid ?owing 
Within the chamber comprises an aqueous ef?uent, and more 
particularly Water, and the ultrasonic frequency at Which the 
Waveguide assembly 101 is to be operated (i.e., the predeter 
mined frequency) is about 20 kHZ, one or more of the agitat 
ing members 137 are suitably constructed to provide a vibra 
tional displacement of at least 1.75 mils (i.e., 0.00175 inches, 
or 0.044 mm) to establish a cavitation mode of the agitating 
members. It is understood that the Waveguide assembly 101 
may be con?gured differently (e.g., in material, siZe, etc.) to 
achieve a desired cavitation mode associated With the particu 
lar liquid being treated. For example, as the viscosity of the 
liquid being treated changes, the cavitation mode of the agi 
tating members may need to be changed. 
[0052] In particularly suitable embodiments, the cavitation 
mode of the agitating members corresponds to a resonant 
mode of the agitating members Whereby vibrational displace 
ment of the agitating members is ampli?ed relative to the 
displacement of the horn. HoWever, it is understood that cavi 
tation may occur Without the agitating members operating in 
their resonant mode, or even at a vibrational displacement that 
is greater than the displacement of the horn, Without departing 
from the scope of this disclosure. 

[0053] In one suitable embodiment, a ratio of the transverse 
length of at least one and more suitably all of the agitating 
members to the thickness of the agitating member is in the 
range of about 2:1 to about 6:1 . As another example, the rings 
each extend transversely outWard from the outer surface 107 
of the horn 105 a length of about 0.5 inches (12.7 mm) and the 
thickness ofeach ring is about 0.125 inches (3.2 mm), so that 
the ratio of transverse length to thickness of each ring is about 
4:1. It is understood, hoWever that the thickness and/or the 
transverse length of the agitating members may be other than 
that of the rings as described above Without departing from 
the scope of this disclosure. Also, While the agitating mem 
bers 137 (rings) may suitably each have the same transverse 
length and thickness, it is understood that the agitating mem 
bers may have different thicknesses and/ or transverse lengths. 

[0054] In the above described embodiment, the transverse 
length of the agitating member also at least in part de?nes the 
siZe (and at least in part the direction) of the How path along 
Which liquid or other ?oWable components in the interior 
space of the chamber ?oWs past the outer surface of the horn. 
For example, the horn may have a radius of about 0.875 
inches (22.2 mm) and the transverse length of each ring is, as 
discussed above, about 0.5 inches (12.7 mm). The radius of 
the inner surface of the housing sideWall is approximately 
1.75 inches (44.5 mm) so that the transverse spacing betWeen 
each ring and the inner surface of the housing sideWall is 
about 0.375 inches (9.5 mm). It is contemplated that the 
spacing betWeen the horn outer surface and the inner surface 
of the chamber sideWall and/or betWeen the agitating mem 
bers and the inner surface of the chamber sideWall may be 
greater or less than described above Without departing from 
the scope of this disclosure. 

[0055] In general, the horn 105 may be constructed of a 
metal having suitable acoustical and mechanical properties. 
Examples of suitable metals for construction of the horn 105 
include, Without limitation, aluminum, monel, titanium, 
stainless steel, and some alloy steels. It is also contemplated 
that all or part of the horn 105 may be coated With another 
metal such as silver, platinum, gold, palladium, lead dioxide, 
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and copper to mention a feW. In one particularly suitable 
embodiment, the agitating members 137 are constructed of 
the same material as the horn 105, and are more suitably 
formed integrally With the horn. In other embodiments, one or 
more of the agitating members 137 may instead be formed 
separate from the horn 105 and connected thereto. 

[0056] While the agitating members 137 (e.g., the rings) 
illustrated in FIG. 1 are relatively ?at, i.e., relatively rectan 
gular in cross-section, it is understood that the rings may have 
a cross-section that is other than rectangular Without depart 
ing from the scope of this disclosure. The term “cross-sec 
tion” is used in this instance to refer to a cross-section taken 
along one transverse direction (e. g., radially in the illustrated 
embodiment) relative to the horn outer surface 107). Addi 
tionally, although the agitating members 137 (e.g., the rings) 
illustrated in FIG. 1 are constructed only to have a transverse 
component, it is contemplated that one or more of the agitat 
ing members may have at least one longitudinal (e.g., axial) 
component to take advantage of transverse vibrational dis 
placement of the horn (e. g., at and near the nodal region of the 
horn illustrated in FIG. 1) during ultrasonic vibration of the 
Waveguide assembly 101. 
[0057] As best illustrated in FIG. 1, the proximal end of the 
horn 105 is suitably spaced longitudinally from the inlet port 
125 in FIG. 1 to de?ne What is referred to herein as a liquid 
intake Zone in Which initial sWirling of liquid Within the 
interior space 153 of the chamber housing 151 occurs 
upstream of the horn 105. This intake Zone is particularly 
useful When removing compounds from the liquid as it may 
be desirable to use another ingredient (e.g., hydrogen perox 
ide) that can be premixed With the liquid being treated prior to 
the liquid coming into contact With the ultrasonic horn of the 
treatment chamber. More speci?cally, the additional ingredi 
ent, such as hydrogen peroxide, can be used as a strong 
oxidiZing media to alloW forbetter removal of the compounds 
from the liquid. It is understood, though, that the proximal 
end of the horn 105 may be nearer to the inlet port 125 than is 
illustrated in FIG. 1, and may be substantially adjacent to the 
inlet port so as to generally omit the intake Zone, Without 
departing from the scope of this disclosure. 

[0058] NoW referring to FIG. 2A, a baf?e assembly, gener 
ally indicated at 245 is disposed Within the interior space 253 
of the chamber 221, and in particular generally transversely 
adjacent the inner surface 267 of the sideWall 257 and in 
generally transversely opposed relationship With the horn 
205. In one suitable embodiment, the baf?e assembly 245 
comprises one or more baf?e members 247 disposed adjacent 
the inner surface 267 of the housing sideWall 257 and extend 
ing at least in part transversely inWard from the inner surface 
of the sideWall toWard the horn 205. More suitably, the one or 
more baf?e members 247 extend transversely inWard from 
the housing sideWall inner surface 267 to a position longitu 
dinally intersticed With the agitating members 237 that extend 
outWard from the outer surface 207 of the horn 205. The term 
“longitudinally intersticed” is used herein to mean that a 
longitudinal line draWn parallel to the longitudinal axis of the 
horn 205 passes through both the agitating members 237 and 
the baf?e members 247. As one example, in the illustrated 
embodiment the baf?e assembly 245 comprises ?ve, gener 
ally annular baf?e members 247 (i.e., extending continuously 
about the horn 205) longitudinally intersticed With the six 
agitating members 237. LikeWise in FIGS. 4-6, When the 
Waveguide assembly runs laterally Within the housing, the 
one or more baf?e members extend transversely inWard from 
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the housing sidewall inner surface to a position laterally inter 
sticed With the agitating members that extend outward from 
the outer surface of the horn. 

[0059] As a more particular example, the ?ve annularbaf?e 
members 247 illustrated in FIG. 2A are of the same thickness 
as the agitating members 237 in our previous dimensional 
example (i.e., 0.125 inches (3.2 mm)) and are spaced longi 
tudinally from each other (e.g., betWeen opposed faces of 
consecutive baf?e members) equal to the longitudinal spac 
ing betWeen the rings (i.e., 0.875 inches (22.2 mm)). Each of 
the annular baf?e members 247 has a transverse length (e.g., 
inWard of the inner surface 267 of the housing sideWall 257) 
of about 0.5 inches (12.7 mm) so that the innermost edges of 
the baf?e members extend transversely inWard beyond the 
outermost edges of the agitating members 237 (e. g., the 
rings). It is understood, hoWever, that the baf?e members 247 
need not extend transversely inWard beyond the outermost 
edges of the agitating members 237 of the horn 205 to remain 
Within the scope of this disclosure. 
[0060] It Will be appreciated that the baf?e members 247 
thus extend into the How path of liquid that ?oWs Within the 
interior space 253 of the chamber 221 past the horn 205 (e.g., 
Within the ultrasonic treatment Zone). As such, the baf?e 
members 247 inhibit liquid against ?oWing along the inner 
surface 267 of the chamber sideWall 257 past the horn 205, 
and more suitably the baf?e members facilitate the How of 
liquid transversely inWard toWard the horn for ?oWing over 
the agitating members of the horn (and thereby, ?oW over the 
adsorbent, if any) to thereby facilitate removal of compounds 
using the ultrasonic energy and electric charge present at the 
outer surface of the horn. 

[0061] To inhibit gas bubbles against stagnating or other 
Wise building up along the inner surface 267 of the sideWall 
257 and across the face on the underside of each baf?e mem 
ber 247, e.g., as a result of agitation of the liquid, a series of 
notches (broadly openings) are formed in the outer edge of 
each of the baf?e members (not shoWn) to facilitate the How 
of gas (e.g., gas bubbles) betWeen the outer edges of the baf?e 
members and the inner surface of the chamber sideWall. For 
example, in one particularly preferred embodiment, four such 
notches are formed in the outer edge of each of the baf?e 
members in equally spaced relationship With each other. It is 
understood that openings may be formed in the baf?e mem 
bers other than at the outer edges Where the baf?e members 
abut the housing, and remain Within the scope of this disclo 
sure. It is also understood, that these notches may number 
more or less than four, as discussed above, and may even be 
completely omitted. 
[0062] It is further contemplated that the baf?e members 
247 need not be annular or otherWise extend continuously 
about the horn 205. For example, the baf?e members 247 may 
extend discontinuously about the horn 205, such as in the 
form of spokes, bumps, segments or other discrete structural 
formations that extend transversely inWard from adjacent the 
inner surface 267 of the housing sideWall 257. The term 
“continuously” in reference to the baf?e members 247 
extending continuously about the horn does not exclude a 
baf?e member as being tWo or more arcuate segments 
arranged in end-to-end abutting relationship, i.e., as long as 
no signi?cant gap is formed betWeen such segments. Suitable 
baf?e member con?gurations are disclosed in Us. applica 
tion Ser. No. 11/530,311 (?led Sep. 8, 2006), Which is hereby 
incorporated by reference to the extent it is consistent here 
With. 
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[0063] Also, While the baf?e members 247 illustrated in 
FIG. 2A are each generally ?at, e.g., having a generally thin 
rectangular cross-section, it is contemplated that one or more 
of the baf?e members may each be other than generally ?at or 
rectangular in cross-section to further facilitate the How of gas 
bubbles along the interior space 253 of the chamber 221. The 
term “cross-section” is used in this instance to refer to a 
cross-section taken along one transverse direction (e.g., radi 
ally in the illustrated embodiment, relative to the horn outer 
surface 207). 
[0064] Referring back again to FIG. 1, the treatment cham 
ber 121 is further connected to an electrical conducting gen 
erator, such as a DC current generator (indicated at 120), for 
creating an electrical potential Within the interior space 153 of 
the chamber housing 151. As illustrated in FIG. 1, the gen 
erator 120 can be connected to the chamber 121 through 
electrical Wires (indicated at 122 and 124) to one or more 
components of the treatment chamber 121. Speci?cally, in the 
illustrated embodiment, electrical Wires 122, 124 electrically 
connect the DC current generator 120 to the terminal end of 
the horn 105 (e.g., the terminal end 113 of the Waveguide 
assembly 101) and the sideWall 157 of the chamber housing 
151, respectively. Depending upon the materials used to form 
each of the sideWall of the chamber housing and the horn of 
the Waveguide assembly, the electrical current produced cre 
ates an electrode potential such that the sideWall of the cham 
ber housing shoWs properties typical of an anode and the 
outer surface of the horn shoWs the properties of a cathode, or 
vice versa. 

[0065] Typically, the electrode potential produced by the 
generator 120 of the present disclosure is in the range of from 
about 0.1V to about 15V. More suitably, the electrode poten 
tial is in the range of from about 0.5V to about 5.0V and, even 
more suitably, from about 1.0V to about 3.0V. Furthermore, 
typical current density produced by the electrode potential 
Within the treatment chamber ranges from about 0.1 kA/m2 to 
a bout 2 kA/m2 and, more suitably, the current density can be 
from about 1 kA/m2 to about 1.5 kA/m2. 
[0066] More speci?cally, the electrode potential Will be 
determined and produced in an amount required for the 
desired purpose of treatment chamber. For example, Where 
the treatment chamber is desired for use in removing or elec 
trolyZing a compound from an aqueous e?iuent or solution, 
the electrode potential produced Will be that Which is neces 
sary to electrolyZe that particular compound from the solu 
tion. For example, When the treatment chamber is designed 
for use in the electrolysis of ammonia and, more speci?cally, 
the removal of nitrogen from a Waste aqueous ef?uent, the 
electrode potential produced Will be that required to electro 
lyZe ammonia to produce nitrogen and hydrogen; that is, the 
electrode potential Will be about 0.77V. LikeWise, When the 
chamber is designed for use in the removal of chlorine from 
an aqueous potassium chloride solution through electrolysis, 
the electrode potential produced Will be about 0.82V. By Way 
of further example, the electrolysis of Water to produce 
hydrogen and oxygen requires an electrode potential of about 
2 .06V. It should be understood by one skilled in the art that the 
examples described above should not be limiting as the elec 
trode potential can be controlled over various ranges and for 
other additional uses, such as the removal of additional com 
pounds in various other aqueous e?lluents, Without departing 
from the scope of this disclosure. 

[0067] Moreover, it should be understood by one skilled in 
the art, that While the generator 120 is connected to the side 
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Wall 157 and the terminal end 119 of the horn 105 in FIG. 1, 
the generator can be connected to numerous other areas of the 
treatment chamber 21 Without departing from the scope of 
this disclosure. Speci?cally, as illustrated in FIGS. 2A and 
3-6 and described more fully beloW, the electrical Wires can 
connect the generator to multiple Waveguide assemblies, each 
being fully disposed Within the interior of the chamber hous 
ing of a single treatment chamber. More particularly, as illus 
trated in FIGS. 2A and 3-6, there are tWo Waveguide assem 
blies, each having their oWn corresponding horns, in Which 
the electrical Wires connect the generator to each horn at their 
respective outer surfaces, thereby creating a cathode-like 
effect at the outer surface of the ?rst horn and an anode-like 
effect at the outer surface of the second horn. It should be 
understood that the electrode potential could alternatively 
electrically charge the outer surface of the ?rst horn as an 
anode and the outer surface of the second horn as a cathode 
Without departing from the scope of this disclosure. 
[0068] Referring again to FIG. 1, as there is an electrode 
potential produced Within the interior 153 of the chamber 
housing 151 by connecting the sideWall 157 of the housing 
151 and the outer surface 107 of the horn 105 to a generator 
120, it is desirable for the housing 151 to be electrically 
insulated from the Waveguide assembly 101 to maintain the 
electrode-like effect. As such, in the illustrated embodiment, 
the housing sideWall 157 is separated from the Waveguide 
assembly 101 (and thus, the horn 105) by at least tWo insu 
lating members 10 and 12. 
[0069] Typically, the insulating members 10, 12 can be 
made using any insulating material knoWn in the art. For 
example, the insulating members 10, 12 may be produced 
using any one of a multitude of knoWn inorganic or organic 
insulating materials. Particularly suitable materials that could 
be used for the insulating members 10, 12 include solid mate 
rials With a high dielectric strength, such as for example, 
glass, mylar, kapton, ceramic, phenolic glass/epoxy lami 
nates, and the like. 
[0070] In one embodiment, the treatment chamber further 
comprises an adsorbent to aid in the removal of compounds 
from the aqueous e?luent. Speci?cally, the adsorbent is 
located on the outer surface of the horn and is ultrasonically 
energized and electrically charged as described above for the 
outer surface of the horn. Typically, the treatment chamber 
contains from about 10% (by void volume) to about 90% (by 
void volume) adsorbent. More suitably, the adsorbent is 
present in the chamber in an amount of from about 30% (by 
void volume) to about 70% (by void volume). 
[0071] Various different adsorbents can be used in the pro 
cesses of the present disclosure. In one particularly preferred 
embodiment, the adsorbent is an alumina. Speci?cally, alu 
mina poWder alone or alumina-containing beads/particles 
may be used, depending upon the desired end use of the 
treatment chamber. In one embodiment, the alumina is an 
alumina poWder, preferably a Brockmann I activated alumi 
num oxide poWder (also referred to herein as activated alu 

mina). 
[0072] Activated alumina is manufactured by mild calcina 
tions of aluminum hydroxide (aluminum trihydrate, boeh 
mite), Which is an intermediate in the industrial production of 
aluminum from Bauxite. Speci?cally, it is precipitated from a 
sodium aluminate solution. By heating the aluminum hydrox 
ide so obtained at temperatures around 500° C., approxi 
mately 33% (by Weight) constitutional Water is removed, and 
the crystal structure of the boehmite remains intact. 
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[0073] Aluminas are hydrophilic and have high capacities. 
As such, activated alumina could suitable capture anionic 
dyes and surfactants, and chelate With many non-polar dyes. 
[0074] A full range of standardized aluminas are available 
With de?ned activities, pH values, and particle sizes. Acti 
vated alumina can be characterized by its Brockmann activity 
(e.g., activity grades of I, II, III, IV, andV), Which is measured 
using the Brockmann and Schodder test disclosed in Brock 
mann & Schodder, Ber. Dtsh. Chem. Ges., 74B, 73 (1941). 
Generally, the activity grade is measured as folloWs: a stan 
dardized volume of a pair of test dyes dissolved in a standard 
solvent is applied to a standardized column, and after chro 
mato graphic development, the activity grade is shoWn by 
Whether the test dyes separate or not. The test dye pairs that 
can be used are: (I) azobenzene and p-methoxyazobenzene, 
(II) p-methoxyazobenzene and Sudan YelloW, (III) Sudan 
YelloW and Sudan Red, (IV) Sudan Red and p-aminoazoben 
zene, and (V) p-aminoazobenzene and p-hydroxyazoben 
zene. Speci?cally, 20 milligrams of each of the tWo dyes from 
the above dye pairs is Weighed into 50 milliliters of a solvent 
mixture containing one part pure benzene and four parts pure 
petroleum ether (boiling point 50-70° C.) to produce test dye 
solutions. Ten milliliters of each test dye solution are then 
applied to the top of a column containing 100-150 millimeters 
of the adsorbent to be tested. The columns are then eluted With 
20 milliliters of eluent, Which is the same mixture as used for 
the solvent above. To determine the activity grade, the migra 
tion distance of the test dye in front is measured. The activity 
grade is then given by the number of the pair of test dyes, in 
addition to the distance, in millimeters, from the top of the 
column to the front of the foremost migrated dye. An acti 
vated alumina having a Brockmann I Activity is the most 
reactive. 

[0075] Brockmann I activated alumina can be converted to 
grades of loWer activity by simply adding Water. Speci?cally, 
to convert a Brockmann I activated alumina to a Brockmann 

II activated alumina, 3% (by total Weight activated alumina 
poWder) Water is added to the Brockmann I activated alumina. 
To convert the grade I activated alumina to a grade III acti 
vated alumina, 6% (by total Weight activated alumina poW 
der) Water is added, for grade IV, 10% (by total Weight acti 
vated alumina poWder) Water is added to the Brockmann I 
activated alumina, and for grade V, 15% (by total Weight 
activated alumina poWder) Water is added. 

[0076] Examples of suitable Brockmann I activated alu 
mina poWders are commercially available from CAMAG Sci 
enti?c Inc. (Wilmington, NC.) and Sigma-Aldrich (St. 
Louis, Mo.). 
[0077] In another embodiment, the alumina can be a par 
ticle such as an alumina or silica bead or particle. The types of 
particles to be used depend upon the aqueous ef?uent to be 
treated and the compounds to be removed from the aqueous 
e?luent. For example, in one particular embodiment, the alu 
mina particles are activated alumina particles produced from 
the activated alumina poWder described above. 
[0078] Another suitable alumina particle is an alumina par 
ticle that can contain various other ingredients. In general, the 
particle can contain any material that does not adversely 
interfere With the ability of the compounds, Which are to be 
removed from the aqueous e?luent, to bond to alumina. In this 
regard, at least a portion of the alumina contained by the 
particle should be present on the surface of the particle so that 
the alumina is available for adsorbing the compounds. 
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[0079] For example, in one embodiment, the alumina par 
ticles for use in the treatment chamber are alumina sol par 
ticles. Alumina sols are colloidal hydrous alumina that can 
maintain a Wide range of viscosities and are highly heat 
resistant. Many different types of alumina sols are commer 
cially available With varying particle siZes. Of particular 
advantage, alumina sols can be prepared that carry a relatively 
strong positive surface charge or Zeta potential. In this 
embodiment, the particle that is reacted With the compounds 
contains primarily, and in some embodiments, exclusively 
alumina. Examples of alumina particle materials include Alu 
minasol-lOO and Aluminasol-200, Which are both commer 
cially available from Nissan Chemical America (Houston, 
Tex.). 
[0080] In another embodiment, the particle can contain a 
core material coated With alumina. The alumina can form a 
continuous or a discontinuous coating over the particle. The 
core material can be, for instance, an inorganic oxide, such as 
silica. For example, in one embodiment, sols can be used that 
contain silica nanoparticles that have an alumina surface coat 
ing. Such sols are commercially available from Nissan 
Chemical America (Houston, Tex.). The silica is coated With 
alumina to provide stability to the sols over certainpH ranges. 
In fact, alumina coated silica sols may have greater stability in 
some applications of the present disclosure in comparison to 
alumina sols. Speci?c examples of alumina coated particles 
With silica cores include SNOWTEX-AK®, available from 
Nissan Chemical America (Houston, Tex.) and Ludox Cl®, 
available from Grace Davison (Columbia, Md.). 
[0081] When the alumina is in particle form, the particles 
have an average particle siZe of from about 5 nanometers to 
less than 500 microns. More suitably, the alumina particles 
have an average particle siZe of from about 10 nanometers to 
less than 1 micron, and even more suitably, from about 15 
nanometers to about 25 nanometers. 

[0082] Other adsorbent materials are also suitable foruse in 
the present disclosure. Examples include activated carbon, 
Zeolites, and silica. Silica functions similar to the activated 
alumina described above. 
[0083] Activated carbon is hydrophobic in nature and gen 
erally favors organic materials. It is typically used to remove 
organic pollutants from aqueous ef?uents. Activated carbon 
can suitably adsorb non-polar compounds such as dyes and 
pigments in aqueous e?luents. 
[0084] Generally, Zeolites are hydrated alumino-silicate 
minerals With porous structures. They are hydrophilic With 
polar, regular channels, and are typically used in air separa 
tion and dehydration. Zeolites could suitably remove com 
pounds such as acid dyes, reactive dyes, surfactants, and the 
like from aqueous e?luents. 
[0085] Without being bound to a particular theory, it is 
believed that using an energiZed and electrically charged 
adsorbent provides for improved adsorption of the com 
pounds to be removed from the aqueous e?luent onto the 
surface of the adsorbent. Generally, it has been found that an 
adsorbent that has been ultrasonically energiZed and electri 
cally charged using an electric current source can more e?i 
ciently and more effectively bind to compounds, alloWing for 
an improved removal of these compounds from aqueous 
e?luent. Speci?cally, by subjecting the adsorbent in the treat 
ment chamber to ultrasonic energy and an electrode potential, 
microcavitation Within the aqueous ef?uent Will occur. As the 
small bubbles produced through microcavitation collapse or 
oscillate, microconvective currents are produced, Which 
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result in a ?oW of ?uid in an otherWise stagnant Zone. Addi 
tionally, the acoustic Wave produced by the ultrasonic energy 
produces a pulsed bulk motion that further provides for ?uid 
agitation. The increased ?uid ?oW produced by both the 
microcavitation and the acoustic Wave results in reducing the 
thickness of the hydrodynamic boundary layer that surrounds 
the adsorbent. This effect alloWs for improved mass transport 
of the compounds in the aqueous ef?uent to the surface of the 
adsorbent, alloWing for a quicker, more effective adsorption. 
Furthermore, by creating an electrode potential Within the 
treatment chamber, the adsorbent can become more or less 
positively charged depending upon the desired compounds 
for removal from the aqueous e?luent. For example, When a 
more negatively charged compound for removal is desired, an 
electrode potential can be produced Within the treatment 
chamber Which Will alloW for the positively charged adsor 
bent to attract to the cathode (e. g., negatively charged), 
thereby more positively charging the adsorbent (e.g., adsor 
bent as an anode), Which Will cause a stronger attraction and 
binding betWeen the more positive adsorbent and the negative 
compound. Similarly, When the compound to be removed has 
a positive charge (i.e., H+ ions), an electrode potential can be 
created to more negatively charge the adsorbent. The nega 
tively-charged adsorbent Will be attracted to the anode (i.e., 
positively charged), Which Will further enhance the negative 
charge on the adsorbent and result in greater adsorption a?in 
ity to the positively charged compound for removal. 
[0086] In one embodiment, the aqueous e?luent is textile 
e?luent resulting from textile dyeing and printing processes. 
Speci?cally, the textile e?luent contains the fraction of the 
applied colorant that Will not bind to the substrate being dyed. 
These unbound colorants are typically removed by a Water 
rinsing process, generating large quantities of textile e?luent 
that must be disposed of in an environmentally acceptable 
manner. 

[0087] Compounds to be removed from the textile e?luent 
in the above embodiment can include, for example, dyes, 
tannins, optical brighteners, siZing agents, enZymes, bleach 
ing agents, surfactants, salts, lubricants, ?re retardants, plas 
ticiZers, monomers such as acrylics, methacrylics, acryloni 
triles, initiators, acids such as acetic, asorbic, citric, malic, 
and formic acids, alkali such as sodium carbonate, UV 
absorbers, and combinations thereof. 
[0088] In another embodiment, the aqueous e?luent is a 
beverage, such as fruit juices, Wine, and beer. For example, in 
one embodiment, the beverage is Wine. When making Wine, 
compounds such as yeast cells, particles of grape skins, tar 
trates, proteins, tannins, and other suspended solids must be 
removed to produce a product that is sterile, visually clear, 
less bitter, and shelf-stable. Similarly, When the beverage is 
beer, compounds such as yeast, protein/polyphenol com 
plexes, and other insoluble material must be removed. More 
over, microorganisms and byproducts of fruit spoilage, such 
as mycotoxins produced by mold, must be removed from fruit 
juices and Wine. Additionally, fruits such as oranges and 
grapefruits have bitter compounds including limonin, hespe 
ridin, and polyphenols, Which must be removed from the juice 
during processing. 
[0089] Additionally, in accordance With the present disclo 
sure, the aqueous ef?uent can be Water. Speci?cally, in one 
embodiment, the aqueous e?luent is drinking Water. For 
example, many homes, businesses and communities rely on 
underground Water for their fresh drinking Water. By drilling 
Wells to various depths, this underground Water, Which is in 
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underground aquifers, is trapped and used. Many times, this 
underground Water contains measurable levels of organics 
that, for health reasons, are considered unusable for human 
consumption. Examples of haZardous organic compounds 
include arsenic and ?uoride. Other organics can include 
organic chemicals such as herbicides, pesticides, fertilizers, 
and the like that have been deposed of by depositing them in 
land?lls or by letting them seep into the ground and air from 
Waste lagoons. Under some circumstances, gasoline has 
entered into the ground Water from corroded underground 
storage tanks. Furthermore, many types of microorganisms, 
such as bacteria, can groW in underground Water. Addition 
ally, similar to the beverages above, proteins and other 
insoluble material that produce a cloudy appearance should 
be removed to produce acceptable drinking Water. Examples 
of other insoluble material include high levels of humic sub 
stances, Which are organic molecules created by microbial 
degradation of plant and animal matter. Their broWn color is 
aesthetically unpleasing to the consumer and the substances 
can further react With oxidizing agents in treatment processes 
such as chlorine or oZone to produce disinfection by-products 

(DBPs). 
[0090] The aqueous ef?uent, in another embodiment, can 
be a body of Water such as a river, lake, or stream that has 
become contaminated and must be treated to meet govem 
ment environmental laWs. Such bodies of Water typically 
contain one or more impurities such as suspended solids, 
dissolved organic matter, microorganisms, dissolved mineral 
matter, and the like. 
[0091] While the present disclosure describes using an 
energiZed adsorbent to remove compounds from an aqueous 
e?luent, non-aqueous ?ltrations can also be conducted using 
the adsorbent and treatment chamber of the present disclo 
sure. 

[0092] As further noted above, in some embodiments, the 
treatment chamber can include more than one Waveguide 
assembly having at least tWo horn assemblies for ultrasonic 
treatment and electric charging. Referring to FIG. 2A, the 
treatment chamber 221 comprises a housing 251 de?ning an 
interior space 253 of the chamber 221 through Which liquid is 
delivered from tWo laterally opposing inlet ends 269 and 279. 
The housing 251 comprises an elongate tube 255 de?ning, at 
least in part, a sideWall 257 of the chamber 221. The tube 255 
has tWo inlet ports 240 and 245 formed therein and being 
laterally opposed to one another through Which one or more 
aqueous ef?uents having compounds to be removed Within 
the chamber 221 are delivered to the interior space 253 
thereof, and at least one outlet port 265 through Which the 
liquid (i.e., aqueous ef?uent), once treated, exits the chamber 
221. 

[0093] TWo Waveguide assemblies 201 and 203 extend lon 
gitudinally at least in part Within the interior space 253 of the 
chamber 221 to ultrasonically energiZe the outer surfaces of 
the ?rst ultrasonic horn 205 and second ultrasonic horn 209 
located on each Waveguide assembly 201 and 203 Within the 
interior space 253 of the chamber 221. Both the ?rst ultra 
sonic horn 205 and the second ultrasonic horn 209 are dis 
posed entirely Within the interior space 253 of the housing 
251 intermediate the inlet ports 269 and 279 and the outlet 
port 265 for complete submersion Within the liquid Within the 
chamber 221. Each horn assembly 233 and 225 can be inde 
pendently constructed as described (including the horns 205 
and 209, along With the plurality of agitating members 237 
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and 239 andbaf?e assemblies 245 and 249) for the single horn 
assembly con?guration of FIG. 1 above. 

[0094] Still referring to FIG. 2A, a generator (not shoWn) 
can be electrically connected to the outside surfaces 207 and 
211 of horns 205 and 209, respectively, of the tWo horn 
assemblies 233 and 225 to create an electrode potential Within 
the interior 253 of the housing 251 of the chamber 221. As 
illustrated in FIG. 2A, the outer surface 211 of the second 
horn 209 (and any adsorbent located thereon (not shoWn)) is 
electrically charged as an anode, While the outer surface 207 
of the ?rst horn 205 (and any adsorbent located thereon (not 
shoWn)) is electrically charged as a cathode (see also FIG. 2B, 
illustrating the terminal end of the ?rst horn 205 as a cathode 
and the terminal end of the second horn 209 as an anode). It 
should be understood that the outer surface of the ?rst horn 
205 (and any adsorbent located thereon (not shoWn)) could 
alternatively act as the anode and the outer surface of the 
second horn 209 (and any adsorbent located thereon (not 
shoWn)) could act as the cathode Without departing from the 
scope of this disclosure. Furthermore, as With the treatment 
chamber of FIG. 1, the housing 251 is separated from the ?rst 
Waveguide assembly 201 using at least a ?rst insulating mem 
ber 210 and at least a second insulating member 212 and from 
the second Waveguide assembly 203 using at least a third 
insulating member 214 and at least a fourth insulating mem 
ber 216. 

[0095] NoW referring to FIG. 3, the treatment chamber 421 
is similar to the treatment chamber 221 of FIG. 2A in that the 
chamber 421 contains tWo separate Waveguide assemblies 
401 and 403. The Waveguide assemblies 401, 403 of FIG. 3, 
hoWever, are further separated Within the interior space 453 of 
the housing 451 by a mesh substrate 450 that runs laterally 
betWeen the ?rst Waveguide assembly 401 and the second 
Waveguide assembly 403. More particularly, the mesh sub 
strate 450 extends from the upper longitudinal end (e.g., ?rst 
longitudinal end) of the housing, generally indicated at 463 
(e.g., corresponding to closure 263 of FIG. 2A) to the loWer 
longitudinal end (e.g., second longitudinal end) of the hous 
ing, generally indicated at 473. The mesh substrate is gener 
ally capable of separating gases being generated as com 
pounds are electrolyZed from the liquid. For example, in the 
electrolysis of ammonia, nitrogen gas is formed at the anode 
and hydrogen gas is formed at the cathode. It is desirable to 
keep these gases separate for later resale purposes. 
[0096] Furthermore, the mesh substrate can be used to 
alloW formed ions to migrate across the treatment chamber 
from the anode to the cathode so as to keep ionic neutrality in 
the entire liquid. For example, the electrolysis of Water forms 
hydrogen gas and oxygen gas. At the anode, oxygen gas is 
formed along With the hydrogen ion (H") and, at the cathode, 
hydrogen gas is formed along With the hydroxyl ion (OH‘). 
Both the hydrogen and hydroxyl ions can migrate across this 
mesh substrate so as to maintain ionic neutrality Within the 
interior of the treatment chamber. 

[0097] Typically, the mesh substrate can be made of any 
suitable material knoWn in the art. For example, one particu 
lar material for the mesh substrate is stainless steel. Further 
examples include, mesh substrates made from polyethylene, 
polypropylene, and per?uorinated materials. Suitably, the 
mesh substrate has a pore siZe of from about 15 microns to 
about 450 microns and, more suitably, from about 20 microns 
to about 100 microns. The mesh substrate typically has a 










